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Static knee alignment and its association with radiographic
knee osteoarthritis
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SocietyThis subject deals with measuring lower limb varus and val-
gus alignment using anatomic axes, although it is not strictly
possible to do this. A functional appraisal of the lower limb
requires us to view alignment in mechanical terms. That is
to say we require knowledge of how the long bones are ori-
ented with respect to the limb’s axis of load bearing (LBA).
The appraisal, therefore, depends not only on anatomic fea-
tures, but on the locations of hip and ankle center which de-
ﬁne the LBA ( from radiographs which include images of the
hip, knee and ankle). The deﬁnition of valgus or varus align-
ment is subordinate to this. Another way of saying this is
that the anatomical landmarks and axes only achieve full
signiﬁcance when they are used to help us measure the dis-
placement of the knee center, as indexed by the Hip-Knee-
Ankle (HKA) angle from the LBA (lateral for varus, medial
for valgus) (Fig. 1).
So, the ﬁrst methodological concern is the references used
for the femur and tibia. The reference used for the femur is
problematic because the line used begins in the distal shaft
( just 10 cm up from the knee) to end at the proximal tibial
spines, going across the knee joint. It is an anatomic refer-
ence that, by crossing the joint, ignores bone distortions
proximal and distal to the short axis (e.g., femoral bowing)
and lateral subluxation at the knee. The reference axis for
the tibia is similar e a line from the tibial spines to a proximal
shaft point 10 cm more distal. Admittedly this is less prob-
lematic than the femoral reference line, being closer to the
bone’s mechanical axis. Altogether, the alignment may
only be approximated using segmental anatomic axes, in
view of the possible distortions and the various assump-
tions that have to be made. The authors were aware of
the methodological shortcomings of not using full-length ra-
diographs, justifying their approach based on the study of
Kraus et al.1 indicating a level of correlation between femo-
ral anatomic and mechanical axes. Even so, they have not
used any correction factor to dispel the notion that neutral
alignment (no varus or valgus) occurs when the femoro-
tibial anatomic lines are co-linear. In fact, co-linear anatomic
axes denote, on average, substantial varus (some 5 of
HKA varus and a signiﬁcant lateral displacement of the
knee center from the LBA).
The authors make justiﬁcation of using short radiographs
(and anatomic axes) in terms of convenience, and lessen-
ing of exposure to X-rays. However, current digital
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0768; Fax: 1-613-549-0346; E-mail: derek@cookes.ca84Fig. 1. Diagram of the lower limb alignment as indicated by the Hip-
Knee-Ankle (HKA) angles. Showing varus (-ve HKA), neutral and
valgus (+ve HKA) alignment. In neutral the femoral (FM) and Tibial
(TM) axes are co-linear with the load bearing axis (LBA).
Fig. 2. Diagram illustrating a varus limb alignment with the angular
features of articular geometry. Key FM-FS Femoral mechanical -
Femoral Shaft angle; CH condylar hip angle; CP Condylar Plateau
angle; PA plateau ankle angle.4
845Osteoarthritis and Cartilage Vol. 15, No. 7radiographic techniques are to be recommended in provid-
ing long radiographs conveniently, and with conservative
exposure to irradiation.
Interpreting their data the authors note ‘‘a continuous var-
iable’’ which is described as an advantage. This is not clear
since they then indicate the use of a ‘neutral position’ which
is varus, and portray the data not as a continuous variable
but as clusters. This needs clariﬁcation.
A study of knee alignment and its relationship to OA grad-
ing was published in 19992. The relationship between
degrees HKA alignment (shown as a continuous variable)
and knee OA grading 0e13 revealed a strong relationship
(R 0.86) and is illustrated in Fig. 3. The grading was a com-
posite score derived by evaluating the most damaged com-
partment. The grading included measures of joint space
loss and osteophytes (each graded 0e3) with evaluations
of tibial erosion (0e4) and subluxation (0e3), combined to
give the total score. The strong relationships found, illus-
trated in Fig. 3, might have been supported by the rigor
by which the full limb images used to deﬁne HKA and grade
the images were obtained2,3.
In closing it should be emphasized that the femoral and
tibial articular surface geometry is critical in determining
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Fig. 3. Graphical illustration of the plotted relationship between the
Total Score (sum of joint space, femoral osteophytes, tibial erosion
and subluxation) and the Hip-Knee-Ankle (HKA) angle as mea-
sured from zero (180 degrees).limb alignment, and the causal relationships involved in
etiology, something that was not addressed in this report.
Further the angulations of these joint surfaces, illustrated
in Fig. 2, with respect to the limb’s mechanical axes (hence
overall limb alignment) have been shown to have a statisti-
cal bearing on the pattern of developing arthritis in the
knee compartments3,4. The authors’ ‘‘ﬁrst time’’ claims are
thus already documented. If the authors were to pursue
their own interests in progressive relationships between
joint space loss, compartmental loading and alignment,
they would be well served by a more rigorous analysis,
using digital methodology involving direct measurement of
the mechanical axes of the limb5.
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